Colmenero J, Bataller R, Sancho-Bru P, Domínguez M, Moreno M, Forns X, Bruguera M, Arroyo V, Brenner DA, Ginès P. Effects of losartan on hepatic expression of nonphagocytic NADPH oxidase and fibrogenic genes in patients with chronic hepatitis C. Am J Physiol Gastrointest Liver Physiol 297: G726 -G734, 2009. First published July 23, 2009 doi:10.1152/ajpgi.00162.2009.-Angiotensin II promotes liver fibrogenesis by stimulating nonphagocytic NADPH oxidase (NOX)-induced oxidative stress. Angiotensin II type 1 (AT1) receptor blockers attenuate experimental liver fibrosis, yet their effects in human liver fibrosis are unknown. We investigated the effects of losartan on hepatic expression of fibrogenic, inflammatory, and NOX genes in patients with chronic hepatitis C (CHC). Fourteen patients with CHC and liver fibrosis received oral losartan (50 mg/ day) for 18 mo. Liver biopsies were performed at baseline and after treatment. The degree of inflammation and fibrosis was evaluated by histological analysis (METAVIR). Collagen content was measured by morphometric quantification of Sirius red staining. Overall collagen content and fibrosis stage remained stable in the whole series, yet the fibrosis stage decreased in seven patients. Inflammatory activity improved in seven patients. The effect of losartan on hepatic expression of 31 profibrogenic and inflammatory genes and components of the NOX complex was assessed by quantitative PCR. Losartan treatment was associated with a significant decrease in the expression of several profibrogenic and NOX genes including procollagen ␣1(I) and ␣1(IV), urokinase-type plasminogen activator, metalloproteinase type 2, NOX activator 1 (NOXA-1) and organizer 1 (NOXO-1), and Rac-1. Losartan was well tolerated in all patients and was effective in attenuating the activity of the systemic renin-angiotensin system. No effects on serum liver tests or viral load were observed. We conclude that prolonged administration of losartan, an oral AT1 receptor blocker, is associated with downregulation of NOX components and fibrogenic genes in patients with CHC. Controlled studies are warranted to assess the effect of AT1 receptor blockers in chronic liver injury.
ACCUMULATING EVIDENCE INDICATES that the renin-angiotensin system (RAS) is a major mediator in liver fibrogenesis. Key components of the RAS are locally expressed in chronically injured livers and activated hepatic stellate cells de novo generate angiotensin II (5), the main effector peptide of this system. Angiotensin II induces an array of fibrogenic actions in hepatic stellate cells (HSC) including cell proliferation, migration, secretion of proinflammatory cytokines, and collagen synthesis (34) . The fibrogenic and inflammatory actions of angiotensin II in the liver are largely mediated by angiotensin type 1 (AT1) receptors (5) . The production of intracellular reactive oxygen species generated by the nonphagocytic NADPH oxidase (NOX) complex is a key event in the angiotensin II-mediated fibrogenesis (6) . The nonphagocytic NOX complex is directly expressed and functionally active in HSC (6) , whereas the phagocytic form of NOX expressed in Kupffer cells only indirectly activate HSC through extracellular reactive oxygen species (39) . Most importantly, pharmacological and/or genetic ablation of the RAS attenuates experimental liver fibrosis and oxidative stress (21, 23, 40) .
On the basis of these studies, AT1 receptor blockers have been proposed to treat liver fibrosis in patients with chronic liver diseases. However, only four small studies have explored the effects of AT1 receptors blockers in human liver fibrosis: 1) two retrospective studies indicate that angiotensin II inhibitors may attenuate liver fibrosis progression in liver transplanted patients with hepatitis C recurrence (33) and hypertensive patients with chronic hepatitis C (CHC) (13) ; and 2) two small pilot studies in patients with nonalcoholic steatohepatitis (42) and CHC (38) suggest that oral losartan is associated with improvement in liver fibrosis. Noteworthy, none of these studies assessed whether oral AT1 receptor blockers were effective in inhibiting liver fibrogenesis by evaluating the hepatic expression of procollagen and other putative fibrosis-related genes. The assessment of changes on gene expression in human tissues after a therapeutic intervention is a novel approach that provides a more "dynamic" view of the wound healing response to chronic tissue injury (17, 29) .
The present study investigates whether prolonged blockade of AT1 receptors attenuates the hepatic expression of key fibrogenic genes in patients with CHC and active viral infection who were not candidates for antiviral therapy. We evaluated the hepatic expression of profibrogenic and NOX genes involved in the hepatic response to chronic hepatitis C virus (HCV) infection before and after 18-mo treatment with losartan. We provide evidence that oral treatment with an AT1 receptor blocker to patients with CHC and active viral infection slows down fibrosis progression, as indicated by stabilization in collagen deposition and decreased expression of fibrosisrelated genes and components of the NOX complex.
PATIENTS AND METHODS

Study design.
Fourteen patients with CHC with liver fibrosis and active viral infection were included in the Hospital Clínic of Barcelona in an uncontrolled open-label study. Inclusion criteria were as follows: 1) age between 35 and 65 yr; 2) chronic elevation of serum aminotransferases for more than 6 mo and positive RNA-HCV; 3) significant liver fibrosis (ՆF2 in METAVIR score); 4) no previous response and/or contraindications to antiviral therapy. Exclusion criteria were 1) existence of other cause of chronic liver disease; 2) past history of hepatic decompensations or hepatocellular carcinoma; 3) alcohol consumption (Ͼ20 g/day); 4) arterial hypertension; 5) serum creatinine Ͼ1.5 mg/dl; 6) treatment with AT1 receptor blockers, angiotensin converting enzyme inhibitors, or interferon in the preceding 12 mo; and 7) contraindications to oral losartan. Patients were treated for 18 mo with oral losartan 50 mg/day (Cozaar, MSD, Wilmington, DE). In all patients, two liver biopsies were performed: the first one within a 24-h period before the initiation of treatment and the second one on the day following the last dose of losartan. Liver biopsies were performed in the right lobe of the liver with a Tru-Cut 14-gauge needle (20 mm length). The protocol was approved by the Ethics Committee of the Hospital Clínic of Barcelona and the Agencia Española del Medicamento as a phase IV trial (ARAHEPC 02-0491), and registered into the protocol registration system (NCT00298714). An untreated control group undergoing paired liver biopsies was not included because of ethical concerns. All patients gave written, informed consent.
Measurements. Patients' visits were every week the first month, every month the following 5 mo, and every 3 mo thereafter. At these time points, arterial pressure and standard serum liver tests were measured. At baseline and at the end of treatment quantitative HCV-RNA determinations were performed by use of Amplicor HCV-RNA (Roche Diagnostic Systems, Basel, Switzerland). The activity of the systemic RAS was assessed by measuring plasma renin activity (PRA) and serum angiotensin II levels at baseline, day 7, day 30, day 120, day 270, and the end of treatment (1). Treatment compliance was evaluated monthly by pill count and it was defined as an intake of more than 90% of monthly dose.
Liver histological analysis. Liver specimens were divided into two fragments: 2/3 were formalin fixed and paraffin embedded for standard histological analysis and 1/3 was immediately frozen in liquid nitrogen for RNA isolation. Paraffin-embedded samples were stained with hematoxylin-eosin and Masson's trichrome. The degree of fibrosis and inflammation in liver specimens was blindly evaluated by the same pathologist (M. Bruguera) using the METAVIR scoring system (7). Briefly, this semiquantitative score evaluates the degree of fibrosis (F0: no fibrosis; F1: portal; F2: rare septa; F3: numerous septa; F4: cirrhosis) and inflammatory activity (A0: none; A1: mild; A2: moderate; A3: severe) by combining piecemeal necrosis and lobular inflammation (0: none or mild; 1: moderate; 2: severe). Steatosis was scored as follows depending on the percentage of lobular hepatic parenchyma involved: 0: Ͻ10%; 1: 10 -33%; 2: 33-66%; 3: Ͼ66%. Histological improvement in necroinflammatory activity and fibrosis stage was defined as a decrease of at least of 1 degree in the METAVIR scoring system in the liver biopsy performed at the end of treatment compared with pretreatment biopsy (10) . All samples for histological study were at least 10 mm in length and included at least 10 portal tracts (35) . There were no differences both in length (14.1 Ϯ 2.3 mm vs. 13.8 Ϯ 1.7 mm) and number of portal tracts (12.7 Ϯ 2.7 vs. 12.5 Ϯ 2.3) between liver biopsies obtained before and after treatment with losartan.
Assessment of collagen and ut-PA hepatic protein expression. The amount of collagen content was estimated by measuring the percentage of the whole biopsy area stained with Sirius red staining (Sirius red F3B; Gurr-BDH Lab Supplies, Poole, UK). Morphometric analysis of the area with positive staining was blindly performed by the same operator as described in detail elsewhere (12) . Protein detection of urokinase-type plasminogen activator (ut-PA) was performed by using mouse monoclonal antibodies against ut-PA (cat. no. 3689, American Diagnostica, Greenwich, CT). We blindly quantified ut-PA before and after treatment with losartan in a semiquantitatively manner (degrees: none, mild, moderate, severe).
Hepatic gene expression analysis. We investigated hepatic gene expression in patients with chronic hepatitis C (n ϭ 14) before and after treatment with losartan and in normal livers (n ϭ 6). Gene selection was performed according to previously reported genes involved in human liver fibrogenesis (2, 6, 11, 12, 16, 44) . We selected procollagen ␣1(I) and ␣1(IV) as end products of liver fibrosis; TGF-␤1, TIMP-1, MMP-2, and ut-PA as markers of liver fibrogenesis; TNF-␣, IL-6, Gro-␣ (CXCL-1), and MCP-1 as inflammatory mediators. We also explored the expression of components of the nonphagocytic NOX system: 1) the catalytic subunit gp91 phox , NOX type 2 (NOX-2 or CYBB) and its isoforms: NOX-1 (enterocytes isoform), NOX-3 (inner ear cells isoform), NOX4 (renal isoform), NOX-5 (lymphocytes/spermatozoa isoform), and dual oxidase (Duox) 1 and 2; 2) the regulatory subunit p22 phox (CYBA); 3) the p47 phox isoform, NOX organizer 1 (NOXO-1); 4) the p67 phox isoform, NOX activator 1 (NOXA-1); and 5) Rac 1 and 2. We additionally evaluated the expression of other prooxidant molecules: cytochrome P-450 monooxygenase (CYP2E1), heme oxidase 1 (HO-1), catalase, and the antioxidant superoxide dismutase type 2 (SOD-2). Finally, we also evaluated the expression of components of the RAS [angiotensin converting enzyme (ACE) 1 and 2, and AT1 receptor type I] and two apoptosis mediators (Bcl-2 and Fas ligand). Total RNA was extracted with Trizol (Life Technologies, Rockville, MD). RNA purity was assessed with a spectrophotometer Ultrospec 3300 pro (GE Healthcare). All RNAs had a 260/280 absorption ratio from 1.80 to 2. RNAs were further analyzed with a microfluidic glass chip platform (Bioanalizer 2100, Agilent, Palo Alto, CA). RNAs were considered suitable for RT-PCR if they showed lack of degradation, preserved 18S rRNA, an area under both bands Ͼ30%, and absence of contamination. One microgram of total RNA was reverse transcribed with a high-capacity cDNA Archive Kit (Applied Biosystems, Foster City, CA). Thirty-two predesigned TaqMan assays for target genes were selected (Table 1 ; for information on primers used for RT-PCR assays see Supplementary Table S1 ) and distributed into a 384 wells TaqMan Low Density Array card (Applied Biosystems). Samples were analyzed in duplicate on an ABI PRISM 7900 (Applied Biosystems).
Gene expression values were calculated on the basis of the cycle threshold (⌬Ct) method (28) and normalized to expression of 18S rRNA. Results are expressed as 2
Ϫ⌬⌬Ct . Normal livers were obtained from optimal cadaveric liver donors (n ϭ 3) or resection of liver metastases (n ϭ 3). Criteria to obtain normal livers have been described in detail elsewhere (12) .
Data analysis. Quantitative variables were expressed as median (95% confidence interval) unless otherwise specified. Statistical methods included Mann-Whitney U-test and Wilcoxon's paired test for continuous variables and Fisher's exact test for categorical variables. Correlations were performed by the Pearson's linear correlation. A correction for controlling the false positive rate in multiple comparisons was performed by the Benjamini-Hochberg procedure (20) . Unsupervised hierarchical clustering of gene expression of the selected genes in normal livers and patients with CHC before treatment using a specific software (dChip MFC application version 1.1) (27) . The P value threshold for calling significant clusters was Ͻ0.001 for gene clustering and Ͻ0.05 for sample clustering. Statistical analysis was performed with SPSS version 14.0 for Windows (SPSS, Chicago, IL).
RESULTS
Baseline characteristics of the patients.
Patients were predominantly male (71%) with a median age of 55 yr [95% confidence interval (CI): 47-57] and a median body mass index of 26 (95% CI: 24 -27). All patients were infected by HCV genotype 1 (64% type 1b). The estimated duration of infection, which was available in 12 patients, was 20 yr (95% CI: 15-30). Twelve patients were previous nonresponders to combined antiviral ther-apy (either because of lack of response or development of complications related to interferon) and two patients declined to give their consent to antiviral therapy. All patients had a preserved synthetic hepatic function with moderate elevation of serum liver aminotransferases (Table 2) and normal values of arterial pressure, PRA, and serum angiotensin II levels (Table 3) .
Baseline biopsies showed that the degree of fibrosis was F2 in seven patients (50%), F3 in four patients (29%), and F4 in three patients (21%) and the degree of inflammation was A1 in seven patients (50%), A2 in four patients (29%), and A3 in three patients (21%). Baseline piecemeal necrosis was severe in two patients (14%), moderate in five patients (36%), and mild or absent in seven patients (50%). Baseline lobular activity was severe in one patient (7%), moderate in six patients (43%), and mild or absent in seven patients (50%). Baseline steatosis was Ͻ10% in three patients, 10 -33% in 10 patients, and 33-66% in one patient.
Effect of losartan on clinical and biochemical parameters. Treatment with losartan for 18 mo was well tolerated in all patients. Treatment compliance assessed by pill count showed an excellent average adherence (over 90% pills per month in all patients). No patient showed any liver-related complications during the treatment period. Losartan was not associated with changes in arterial pressure or renal function (Table 3) . Importantly, losartan treatment induced an increase in PRA and serum angiotensin II levels (P Ͻ 0.001). Changes in the systemic RAS were found throughout the treatment period in all patients. This finding is indicative of a sustained AT1 receptor blockade with compensatory increase of PRA and serum angiotensin II levels. Losartan treatment did not affect serum liver tests or viral load ( Table 2) .
Effect of oral losartan on hepatic fibrosis and inflammation. Following treatment with oral losartan the degree of fibrosis decreased in seven patients (50%, Fig. 1A) , remained unchanged in three patients (21%), and progressed in four patients (29%), resulting in stabilization of the mean stage of fibrosis (Table 4) . We next assessed the amount of collagen content in liver specimens by quantification of the positive area stained with Sirius red. AT1 receptor blockade was associated with stabilization of total collagen content in liver biopsies (Table 4 , Fig. 1B) .
At the end of treatment, inflammatory activity improved in seven patients (50%, P Ͻ 0.05; Fig. 1C ), remained unchanged in six patients (43%), and worsened in one patient (7%). Interestingly, the degree of piecemeal necroinflammation decreased in six patients (43%, P Ͻ 0.05; Fig. 1D ), worsened in one patient (7%), and remained stable in seven patients (40%).
The improvement in inflammation and piecemeal activity after treatment with losartan was significant (P Ͻ 0.05 for both; Table 4 ). In contrast, lobular inflammation did not change in nine patients (65%, not significant; Table 4 ), improved in three patients (21%), and worsened in two patients (14%).
Patients with improvement in liver fibrosis or inflammation were not different regarding age, gender, body mass index, duration of infection, baseline serum viral load, baseline liver tests, degree of activation of the systemic RAS at baseline, or treatment compliance. Moreover, the degree of activation of the systemic RAS following treatment with losartan was not different between responder and nonresponder patients.
Changes in hepatic gene expression of fibrosis-related genes after treatment with oral losartan. We first analyzed hepatic gene expression in patients with CHC compared with normal livers (n ϭ 6). Most candidate genes were differentially expressed in livers with CHC compared with control livers. Gene expression of extracellular proteins (␣1 chains of procollagen type I and type IV), major fibrogenic (TGF-␤ 1 , ACE-1 and 2) and proinflammatory mediators (TNF-␣) as well as regulators of matrix degradation (MMP-2, TIMP-1, and ut-PA) were upregulated in livers of patients with chronic HCV infection. In contrast, genes mainly expressed by hepatocytes (i.e., cytochrome P-450 2E1) and AT1 receptors were downregulated in CHC livers compared with normal livers. These findings are in agreement with previous reports on hepatic gene expression in patients with CHC (2, 36) . Components of the NOX complex (NOX-4, Rac-1, and Rac-2) were upregulated in livers with chronic HCV infection. We performed an unsupervised hierarchical clustering of normal livers and patients with chronic HCV infection according to the expression profile of the selected genes. On the basis of similarity in gene expression profiles, this procedure adequately clustered livers from patients with CHC and normal livers in two different groups (Fig. 2) . Following treatment with losartan for 18 mo, there was a significant reduction in the expression of nine genes (Table 5) . Importantly, four of these genes are known to be involved in liver fibrogenesis and were upregulated at baseline compared with normal livers. Expression of procollagen ␣1(I) and ␣1(IV), two major extracellular proteins in the fibrotic liver, decreased in the majority of patients after AT1 receptor blockade. Procollagen ␣1(I) decreased in 11 patients with a mean reduction of Ϫ31% (P Ͻ 0.05 vs. baseline). Procollagen ␣1(IV) decreased in 12 patients with a mean decrease of 23% (P Ͻ 0.05 vs. baseline). Losartan also reduced the expression of two important mediators of liver fibrogenesis such as ut-PA (Ϫ40%, P Ͻ 0.05 vs. baseline) and MMP-2 (Ϫ27%, P Ͻ 0.05 vs. baseline).
Changes in hepatic gene expression nonphagocytic NOX components after treatment with oral losartan. We previously demonstrated that nonphagocytic NOX plays a key role in liver fibrosis and is stimulated by angiotensin II (6, 12) . Therefore, we examined whether AT1 receptor blockade downregulates the expression of key components of this system in patients with CHC. As shown in Table 5 , losartan treatment was associated with a significant decrease in the expression of key components of nonphagocytic NOX complex such as NOXO-1 (Ϫ29%), NOXA-1 (Ϫ26%), and Rac-1 (Ϫ19%). NOXO-1, the homologue of p47 phox , and Rac-1 are crucial components of the NOX complex in HSC (15) . Interestingly, the decrease of Rac-1 strongly correlated with the decrease of procollagen ␣1(I) (r ϭ 0.684, P ϭ 0.001), procollagen ␣1(IV) (r ϭ 0.797, P ϭ 0.001), and ut-PA (r ϭ 0.689, P ϭ 0.009). Since NOX mediates angiotensin II fibrogenic activity in the liver, the decrease in expression of key components of NOX and procollagen supports an antifibrogenic effect of losartan. The expression of CYP2E1 (Ϫ22%) and catalase (Ϫ18%) decreased after treatment with losartan while expression of SOD-2 and HO-1 remained unchanged. We did not detect expression of NOX-1, NOX-3, and NOX-5 in the liver before or after losartan.
Changes in hepatic gene expression in patients with decreased liver fibrosis.
We observed that patients with improvement in liver fibrosis had higher expression of AT1 receptor at baseline compared with patients without improvement in liver fibrosis (mean 2 Ϫ⌬⌬Ct AT1 receptor expression 2.39 Ϯ 0.69 vs. 1.38 Ϯ 0.44 in responders vs. nonresponders, respectively; P ϭ 0.004). We next analyzed changes in gene expression vs. baseline in patients with improved liver fibrosis after treatment compared with patients without improvement in liver fibrosis. As shown in Table 6 , patients with improvement in liver fibrosis showed a pronounced downregulation of genes encoding extracellular matrix proteins, profibrogenic genes, and NOX genes. In contrast, no changes in hepatic gene expression were found in those patients without fibrosis improvement. These results suggest that changes in hepatic gene expression could decrease collagen accumulation in patients with CHC.
Finally, inflammatory cytokines as MCP-1 and GRO-␣ were reduced in patients with histological improvement of inflammation by 27 and 43%, respectively (P Ͻ 0.05 vs. baseline). These results suggest that reduced expression of chemokines may mediate the anti-inflammatory effects of AT1 receptor blockade in CHC patients. The decreased expression of inflammatory genes was not found in patients without improvement in the degree of inflammation.
Effects of losartan treatment on ut-PA protein expression. Gene expression analysis revealed that losartan decreased ut-PA hepatic expression. Since ut-PA plays a role in experimental hepatic fibrosis and mediates the profibrogenic effects of angiotensin II in several tissues (25, 44) , we quantified ut-PA protein expression in liver samples using immunohistochemistry. ut-PA protein expression was detected in hepatocytes and within the fibrous septa. Following treatment with losartan, we observed a decrease in protein levels of ut-PA in 64% of patients (9/14, P Ͻ 0.05 vs. baseline). Moreover, a positive correlation between changes in ut-PA mRNA levels and changes in the degree of ut-PA protein expression was noted (Fig. 3) . These data support the results obtained at the gene expression level.
DISCUSSION
The identification of drugs that attenuate fibrosis progression in patients with chronic liver diseases in whom the causative agent cannot be removed is an important goal in hepatology. We conducted a pilot study to explore whether AT1 receptor blockers attenuate the hepatic expression of genes related to liver fibrosis progression in patients with CHC. The primary aim of this study was to investigate the effects of AT1 receptor blockers on liver fibrogenesis in patients with CHC by measuring the hepatic expression of candidate genes encoding extracellular matrix proteins and fibrogenic mediators. An accurate detection of changes in collagen deposition requires large long-term controlled trials and has limitations in the interpretation of liver biopsies (sampling error, observer variability, etc.). In contrast, the assessment of hepatic expression of collagen and other fibrogenic genes correlates with the degree of liver fibrosis and provides a more "dynamic" approach to the fibrogenic activity (2).
At the gene expression level, the most important finding of this study was the demonstration that AT1 receptor blockade is associated with a decrease in procollagen ␣1(I) mRNA, a key component of the fibrous scar in CHC (2) . This result suggests that losartan inhibits collagen synthesis in these patients and warrants long-term controlled studies to evaluate the antifibrotic efficacy of AT1 receptor blockers in CHC. Losartan treatment was associated to a reduced expression of important genes involved in angiotensin II-mediated oxidative stress in the fibrotic liver. These genes include NOXO-1 and Rac-1, key components of the NOX activity in HSC (15) . This result supports previous observations indicating that AT1 receptor blockers inhibit oxidative stress in rodent models of chronic liver injury (21) . We also observed a reduction in the expression of MMP-2 and ut-PA, two regulators of extracellular matrix turnover. ut-PA regulates matrix degradation (45) and is involved in inflammation and angiogenesis (14) . Plasmin generated by ut-PA is required for the release of active TGF-␤ 1 from its latent form bound to the latency-associated peptide (9) . Finally, downregulation of TIMP-1 in the subgroup of patients with improvement in liver fibrosis is in agreement with previous reports on the effects of AT1 receptor blockers in experimental models of liver injury (21, 22) . Further studies should specifically address the effects of AT1 receptor blockers on oxidative stress and collagen degradation in patients with chronic liver disease.
We also evaluated the effect of losartan on the degree of liver fibrosis in liver specimens. Our study cohort includes CHC patients who are at a high risk for developing progressive liver fibrosis (19, 43) (i.e., age older than 40 yr and significant liver fibrosis). Losartan treatment was associated with a decrease of at least one degree of fibrosis in half of the patients. Previous reports indicate that only 5-24% of patients with CHC show a spontaneous decrease in liver fibrosis (18, 37) . On the contrary, a reduction in liver fibrosis in half of the patients has been reported in patients with CHC after viral clearance (10) . When collagen accumulation is evaluated by morphometry in untreated patients with CHC, the mean increase in collagen content in 12 mo ranges from 43 to 94% (19) . In contrast, in our cohort we observed only 1% increase after 18-mo treatment with oral losartan. Taken together, these results suggest that AT1 receptor blockade slows down the progressive collagen accumulation in patients with CHC.
Another relevant finding of this study is the reduction in the extent of piecemeal necrosis. The degree of necroinflammatory injury in patients with CHC correlates with fibrosis and predicts worsening fibrosis in CHC (18, 26, 41) . The anti-inflammatory effect of losartan could be anticipated from previous experimental studies. Angiotensin II exerts powerful proinflammatory effects in the liver both in culture and in vivo and promotes myofibroblast survival (3, 4, 8, 24, 31, 32) . In particular, angiotensin II activates intracellular signaling pathways such as NF-B and JNK, leading to increased expression of inflammatory cytokines such as RANTES and cell adhesion molecules such as ICAM-1 (30) . These effects are markedly blunted by AT1 receptor blockers in experimental models of liver fibrosis (40) . The blockade of AT1 receptors in patients with CHC could result in decreased expression of inflammatory mediators, as indicated by downregulation of MCP-1 and GRO-␣ in the subgroup with improved inflammation. Interestingly, patients with improvement in fibrosis had higher expression of AT1 receptor at baseline compared with patients without fibrosis improvement. This finding suggests that activation of the intrahepatic RAS and subsequent modulation of Ang II-induced signaling pathways [e.g., P-Ser536-RelA (32)] varies among CHC patients and could influence the response to AT1 receptor blockers.
The present study also assessed whether AT1 receptor blockers could be safely administered to patients with CHC. In our series, losartan effectively induced a compensatory activation of the systemic RAS without inducing renal impairment. This finding confirms that prolonged administration of AT1 blockers to patients with CHC without activation of the systemic RAS is safe. This study has two main limitations. First, it is an uncontrolled study including a small number of patients. Second, the mean size of liver tissue available for histological study is smaller than 1.5 cm in length. Nonetheless, the aim of this study was to evaluate the effects of AT1 receptor blockade on liver fibrogenesis at the gene expression level, rather than evaluating the efficacy of losartan as an antifibrotic therapy. An untreated control group undergoing paired liver biopsies was not used, nor were two needle passes performed to obtain enough liver tissue for both histology and gene expression studies, because of ethical considerations. Moreover, the presence of at least 10 portal tracts is also accepted as a requirement for liver biopsy adequacy and the quality of RNA samples from controls and patients was adequate in all cases.
In conclusion, we provide evidence that prolonged blockade of AT1 receptor for 18 mo in patients with chronic HCV infection is associated with downregulation of hepatic profibrogenic and NOX genes and with stabilization of collagen deposition and is well tolerated. Further controlled studies are needed to evaluate the effect of long-term administration AT1 receptor blockers in patients with CHC and other types of chronic liver diseases in whom the causative agent of liver injury cannot be removed.
